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SPECIAL NOTES 


1. API STANDARDS ARE PUBLISHED AS AN AID TO PROCUREMENT 
OF STANDARDIZED EQUIPMENT AND MATERIALS. THESE STAN- 
DARDS ARE NOT INTENDED TO INHIBIT PURCHASERS OR PRO- 
DUCERS FROM PURCHASING OR PRODUCING PRODUCTS MADE TO 
SPECIFICATIONS OTHER THAN THOSE OF APT. 

2. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A 
GENERAL NATURE. WITH RESPECT TO PARTICULAR CIRCUM- 
STANCES, LOCAL, STATE, AND FEDERAL LAWS AND REGULATIONS 
SHOULD BE REVIEWED. 

3. APL IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, 
MANUFACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN 
AND EQULP THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERN- 
ING HEALTH AND SAFETY RISKS AND PRECAUTIONS, NOR UNDER- 
TAKING THEIR OBLIGATIONS UNDER LOCAL, STATE, OR FEDERAL 
LAWS. 

4, INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND 
PROPER PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS 
AND CONDITIONS SHOULD BE OBTAINED FROM THE EMPLOYER, 
THE MANUFACTURER OR SUPPLIER OF THAT MATERIAL, OR THE 
MATERIAL SAFETY DATA SHEET, 

5, GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, RE- 
AFFIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOME- 
‘TIMES A ONE-TIME EXTENSION OF UP TO TWO YEARS WILL BE Ss 
ADDED TO THIS REVIEW CYCLE. THIS PUBLICATION WILL NO 
LONGER BE IN EFFECT AS AN OPERATIVE API STANDARD FIVE 
YEARS AFTER ITS PUBLICATION DATE OR, WHERE AN EXTENSION 
HAS BEEN GRANTED, UPON REPUBLICATION. THE STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING 
DEPARTMENT (‘TELEPHONE 202 682-8000). A CATALOG OF API PUBLI- 
CATIONS AND MATERIALS 1S PUBLISHED ANNUALLY AND UPDATED 
QUARTERLY BY API, 1220 L STREET, N.W., WASHINGTON, D.C. 20005. 
6. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CON- 
STRUED AS GRANTING ANY RIGHT, BY IMPLICATION OR OTHER- 
WISE, FOR THE MANUFACTURE, SALE, OR USE OF ANY METHOD, 
APPARATUS, OR PRODUCT COVERED BY LETTERS PATENT. NEITHER 
SHOULD ANYTHING CONTAINED IN THE PUBLICATION BE CON- 
STRUED AS INSURING ANYONE AGAINST LIABILITY FOR IN- 
FRINGEMENT OF LETTERS PATENT. 

7. API PUBLICATIONS MAY BE USED BY ANYONE DESIRING TO DO 
SO. EVERY EFFORT HAS BEEN MADE BY THE INSTITUTE TO ASSURE 
‘THE ACCURACY AND RELIABILITY OF THE DATA CONTAINED IN 
THEM; HOWEVER, THE INSTITUTE MAKES NO REPRESENTATION, 
WARRANTY, OR GUARANTEE IN CONNECTION WITH THIS PUBLICA- 
‘TION AND HEREBY EXPRESSLY DISCLAIMS ANY LIABILITY OR RE-— 
SPONSIBILITY FOR LOSS OR DAMAGE RESULTING FROM ITS USE OR 
FOR THE VIOLATION OF ANY FEDERAL, STATE, OR MUNICIPAL 
REGULATION WITH WHICH THIS PUBLICATION MAY CONFLICT. 
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FOREWORD 


Chapter 5 of the Mfanual of Petroleum Measurement Standards was prepared by a 
working group of the Committee on Dynamic Measurement, which is a part of the API 
Committee on Petroleum Measurement. 

The information contained in this edition supersedes the information on displacement 
and turbine meters, metering systems, instrumentation, and accessory equipment con- 
{ained in Chapter 5.1 (First Edition, 1976); Chapter 5.2 (First Edition, 1977); and. Chapter 
5.3 (First Edition, 1976). The information in this edition also supersedes the information 
on instrumentation and accessory equipment contained in API Standard 1101, Measure- 
ment of Petroleum Liquid Hydrocarbons by Positive Displacement Meter (First Edition, 
1960), which is no longer in print. 

Chapter 5 now contains the following sections: 


@ Section 1, ‘‘General Considerations for Measurement by Meters’” 
Section 2, ‘‘Measurement of Liquid Hydrocarbons by Displacement Meters’’ 
Section 3, ‘Measurement of Liquid Hydrocarbons by Turbine Meters" 
Section 4, ‘‘Accessory Equipment for Liquid Meters’’ 
Section 5, ‘‘Fidelity and Security of Flow Measurement Pulsed-Data Transmission 
Systems” 
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Figure 
1—Typical Schematic Arrangement of Meter Station With Three Displacement 
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SECTION 2—MEASUREMENT OF Ee AE ROPAnBONS BY DISPLACEMENT 


5.2.1 Introduction 


Chapter 5.2 is intended to describe methods of obtaining 
accurate measurements and maximum service life when dis- 
placement meters are used to measure liquid hydrocarbons. 

A displacement meter is a flow-measuring device that 
separates a liquid into discrete volumes and counts the sepa- 
rated volumes. The meter carries through its measuring ele- 
ment a theoretical swept volume of liquid, plus the slippage 
for each stroke, revolution, or cycle of the moving parts. 
The registered volume of the displacement meter must be 
compared with a known volume that has been determined 
by proving, as discussed in Chapter 4. 

It is recognized that meters other than the types described 
in this chapter are used to meter liquid hydrocarbons. ‘This 
publication does not endorse or advocate the preferential 
use of displacement meters, nor does it intend to restrict the 
development of other types of meters. Those who use other 
types of meters may find sections of this publication useful. 


5.2.2 Scope 


This section of Chapter 5 covers the characteristics of 
displacement meters and discusses appropriate considera- 
tions regarding the liquids to be measured, the installation 
of a metering system, and the selection, performance, op- 
eration, and maintenance of displacement meters in liquid- 
hydrocarbon service. 


5.2.3 Field of Application 


The ficid of application of this section is all segments of 
the petroleum industry in which dynamic measurement of 
liquid hydrocarbons is required. This section does not apply 
to the measurement of two-phase fluids. 


5.2.4 Referenced Publications 


The current editions of the following standards, codes, 
and specifications are cited in this chapter: 


API 
Manual of Petrateum Measurement Standards 


Chapter 4, “Proving Systems’’ 

Chapter 4.2, ‘‘Conventional Pipe Provers’’ (in 
press) 

Chapter 5, ‘‘Metering’’ 

Chapter 5.4, “‘Instrumentation or Accessory 
Equipment for Liquid Hydrocarbon Metering 
Systems” 
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Chapter 7.2, ‘Dynamic Temperature Deter- 
mination’” 

Chapter 8, ‘‘Sampling’’ 

Chapter 11.1, ‘‘Yolume Correction Factors’? 
(ASTM! D 1230, ISO? 91.1) 

Chapter 12, ‘Calculation of Petroleum Quan- 
tities’’ 

Chapter 12,2, ‘‘Calculation of Liquid Petro- 
leum Quantities Measured by Turbine or Dis- 
placement Meters’” 

Chapter 13, ‘‘Statistical Aspects of Measuring 
and Sampling” 

Chapter 13.2, ‘Meter Factor Control Charts’? 
(in press) 


5.2.5 Design Considerations 


The design of displacement-meter installations should take 
into account the following considerations: 


a. The installation should be able to handle the maximum 
and minimum flow rates, the maximum operating pressure, 
and the temperature range of the liquid to be measured. If 
necessary, the installation should include protective devices 
that keep the operation of the meter within design limits. 
b. The installation should ensure a maximum, dependable 
operating life. Strainers, filters, air/vapor eliminators, or 
other protective devices may be provided upstream of the 
meter to remove solids that could cause premature wear or 
gases that could cause measurement error. 

¢. The installation should ensure adequate pressure on the 
liquid in the metering system at all temperatures so that the 
fluid being measured will be in the liquid state at ail times. 
d. The installation should provide for proving each meter 
and should be capable of duplicating normal operating con- 
ditions at the time of proving. 

e. The installation should comply with all applicable reg- 
ulations and codes, 


5.2.6 Selecting a Meter and 
Accessory Equipment 


Chapter 5.4 provides guidelines for selecting the appro- 
priate equipment. In addition, the manufacturer should be 


2 American Society for Testing aud Materials, 1916 Race Street, Phila- 
delphia, Pennsylvania 19103, 

2ntematicnal Organization for Standardization, 1430 Broadway, New York, 
New York 10018. 
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consulted, and detailed consideration should be given fo the 
following items: 


a. The properties of the metered liquids, including viscosity, 
vapor pressure, toxicity, corrosiveness, and lubricating abil- 
ity. Toxic and environmentally controlled fluids must re- 
ceive special consideration to prevent and control potential 
leaks or spills. 

b. The operating flow rates and whether the flow is contin- 
uous, intermittent, fluctuating, bidireetional, or reversible, 
c. Accuracy requirements. 

d, The class and type of piping connections and materials 
and the dimensions of the equipment to be used, 

e. The space required for the meter installation and the 
proving facility. 

f. The range of operating pressures, acceptable pressure 
losses through the meter, and whether pressure on the liquid 
is adequate to prevent vaporization. 

g. The operating temperature range and the applicability of 
automatic temperature. compensation. 

h, Effects of corrosive contaminants on the meter and the 
quantity and size of foreign matter, including abrasive par- 
ticles, that may be cartied in the liquid stream, 

i. The types of readout and printout devices or systems to 
be used (see Chapter 5.4) and the standard units of volume 
or mass that are required, 

j. The method by which a meter in a bank of meters can 
be put on or taken off line as the total rate changes and the 
method by which it can be proved at its normal operating 
rate, 

k. The type, method, and frequency of proving (see Chapter 
4). 

1, The method of adjusting a meter's registration. 

m, The need for accessory equipment, such as pulsers, 
additive injection apparatus, combinators, and devices for 
predetérmining quantity. When meter-driven mechanical ac- 
cessory devices are used, caution must be taken to limit the 
tolal torque applied to the metering element (see Chapter 
5.4), 

n, Automatic pressure lubrication for nonlubricating or dirty 
liquids. 

o. Valves in the meter installation. Valves require special 
consideration, since their performance can affect measure- 
ment accuracy, The flow- or pressure-control valves on the 
main-streain meter sun should be capable of rapid, smooth 
opening and closing to prevent shocks and surges. Other 
valves, particularly those between the meter or meters and 
the prover (for example, the stream diversion valves, drains, 
and vents) require leakproof shutoff, which may be provided 
by a double block-and-bleed valve with telltale bleed or by 
another similarly effective method of verifying shutoff in- 
tegrity. 
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p. Maintenance methods and costs and spare parts that are 
needed, 
q. Requirements and suitability for security sealing. 


5.2.7 Installation 


Figure | is a schematic diagram of a typical meter station, 
Meters shall be installed according to the manufacturer’s 
instructions and shall not be subjected to undue piping strain 
and vibration. Flow conditioning is not required for dis- 
placement meters. 


5.2.7.1 VALVES 


5.2.7.1.1 If a bypass is permitted around a meter or a 
battery of meters, it should be provided with a blind or 
positive-shutoff double block-and-bleed valve with a telltale 
bleed. 


§.2.7.1.2 In general, all valves, especially spring-loaded 
or self-closing valves, should be designed so that they will 
not admit air when they are subjected to vacuum conditions. 


$.2.7.1.3 Valves for intermittent flow control should be 
fast acting and. shock free to minimize the adverse effects 
of starting and stopping liquid movement. 


§.2.7.1.4 A flow-limiting device, such as a flow rate con- 
trol valve or a restricting orifice, should preferably be in- 
stalled downstream of the meter, The device should be selected 
or adjusted so that sufficient pressure will be maintained to 
prevent vaporization. 


5.2.7.2 PIPING INSTALLATION 


5.2.7.2.1 Meters are normally installed in a horizontal 
position. The manufacturer shall be consuited if space limi- 
tations dictate a different position. 


5.2.7.2.2 Where the flow range is too great for any one 
meter or where continuous service is needed, a bank of 
metets may be installed in parallel, Each meter in the bank 
shall be operated within its minimum and maximum flow 
rates. A means shall be provided to balance flow through 
each meter, 


5.2.7.2.3 Meters shall be installed so that they will have 
a maximum, dependable operating life. This requires that 
protective devices be installed to remove from the liquid 
abrasives or other entrained particles that could stop the 
metering mechanism or cause premature wear. Strainers, 
filters, sediment traps, settling tanks, water separators, a 
combination of these items, or any other suitable devices 
can be used, They should be properly sized and installed 
so that they do not adversely affect the operation of the 
meter. Protective devices may be installed singly or in an 
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To prover 
See 


Chapter 
4 
From prover 


. Pressure-reducing valve—manual or automatic, if required. 

. Filter, strainer, and/or vapor eliminator {if required) for cach meter 
or whole station 

. Displacement meter. 

. Temperature measurement device. 

id 5. Pressure measurement device. 


pe 


Aw 


6, Check valve, if required, 
7, Control valve, if required, 

8, Positive-shutotf double block-and-bleed valves. 
9. Flow control valve, if required. 


10. Block valve, if required. 
If, Differential pressure device, if required. 


Note: All sections of the line that may be blacked between valves shall have provisions for pressure relief 
(preferably not to be installed between the meter and the prover). 


Figure 1—Typical Schematic Arrangement of Meter Station With Three Displacement Meters 
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interchangeable battery, depending on the importance of 
continuous service. Monitoring devices should be installed 
to determine when the protective device needs to be cleaned. 


§.2.7.2.4 Moters shall be installed so that they will per 
form satisfactorily within the viscosity, pressure, temper- 
atute, and flow ranges that will be cncountered, 


§.2.7.2.5 Meters shall be adequately protected from pres- 
sure pulsations and excessive surges and from excessive 
pressure caused by thermal expansion of the liquid. This 
kind of protection may require the installation of surge tanks, 
expansion chambers, pressure-limiting valves, relief valves, 
or other protective devices. When pressure relief valves are 
Jocated between the meter and the prover, a means of de- 
tecting spills from the valves shall be provided. 


5.2.7.2.6 A back-pressure valve may be required to main- 
tain the pressure on the meter and the prover above the fluid 
vapor pressure. In general, displacement meters do not ac- 
celerate fluid velocity and are not subject to the resulting 
pressure reduction that can cause vaporization (cavitation) 
in other types of meters. 

Whenever possible, flow-limiting devices should be in- 
stalled downstream of the meter and the proving system, 
An alarm may be desirable to signal that flow rates have 
fallen below the design minimum. If a pressure-reducing 
device is used on the inlet side of the meter, it shall be 
installed as far upstream of the meter as possible. The device 
shall be installed so that sufficient pressure will be main- 
tained on the outlet side of the meter installation to prevent 
any vaporization of the metered liquid, 


5.2.7.2.7 Any condition that contributes to the release of 
vapor from the liquid siream shall be avoided through suit. 
able system design and through operation of the meter within 
the flow range specified by the manufacturer. The release 
of vapor can be minimized or eliminated by maintaining 
sufficient back pressure downstream of the meter. This can 
be achieved by installing the appropriate type of valve (back- 
pressure, throttling, or reducing) downstream of the meter. 

The manufacturer's review and recommendation will be 
useful in determining the required back-pressure condition. 


5.2.7.2.8 Each meter shall be instalied so that neither air 
nor vapor can pass through it. If necessary, air/vapor climi- 
nation equipment shall be installed as close as possible to 
the upstream side of the meter, The vapor vent lines on air/ 
vapor eliminators shall be of adequate size. The safety of 
the venting system should be given special design consid- 
eration. Air eliminators cannot vent when they are operating 
below atmospheric pressure, and under adverse conditions, 
they may even draw air into the system. A tight-closing 
check valve in the vent line will prevent air from being 
drawn into the system under these conditions.” 
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5.2.7,2.9 Meters and piping shall be installed so that ac- 
cidental drainage and vaporization of liquid is avoided. The 
piping shail have no unvented high points or pockets where 
air or vapor may accumulate and be carried through the 
meter by the added turbulence that results from increased 
flow tate. The installation shail prevent air from being in- 
troduced into the system through leaky valves, piping, glands 
of pump shafts, separators, connecting lines, and so forth. 


5.2.7,2.10 Lines from the meter to the prover shall be 
installed to minimize the possibility of air or vapor being 
trapped. Manual bleed valves should be installed at high 
points so that air can be drawn off before proving. The 
distance between the meter and its prover shall be mini- 
mized, The diameter of the connecting lines shall be large 
enough to prevent a significant decrease in flow rate during 
proving. In multimeter stations, throttling valves may be 
installed downstream of the meters to regulate flow through 
the prover while each meter is being proved. 


§.2.7.2.11 Piping shall be designed to prevent the loss or 
gain of liquid between the moter and the prover during 
proving. 

5.2.7.2.12 Special consideration should be given to the 
location of each meter, its accessory equipment, and its 
piping manifold so that mixing of dissimilar liquids is mini- 
mized. 

5.2.7.2.13 For meters designed to flow in one direction 
only, provision shall be made to prevent flow in the opposite 
direction. 


5.2.7.2.14 A means of measuring temperature shall be 
provided to enable correction of thermal effects on the stream 
or meter, The capability to obtain the stream temperature 
inside the meter body is desirable. Some meters allow for 
installation of a temperature-measuring device in the meter 
hody; however, this is impractical with many meters because 
of the way they ate constructed or because of the type of 
temperature-measuring device that is selected. 

If it is impractical to mount the temperature-measuring 
device in the meter, the device should be installed either 
immediately downstream or upstream of the meter. Where 
several meters are operated in parallel on a common stream, 
one temperature-measuring device in the tofal stream, lo- 
cated sufficiently close to the meter inlets or outlets, is 
acceptable if the stream temperatures at each meter and at 
the sensing location agree within the tolerance specified in 
Chapter 7.2. Test thermowells should be provided near each 
meter to verify that the stream temperatures are identical. 

Refer to Chapter 7.2 for additional information, 


5.2.7.2.15 To determine meter pressure, a gauge, re- 
corder, or transmitter of suitable range and accuracy shall 
be installed near the inlet or outlet of each meter, 
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5.2.7.2.16 A heat-traced manifold that maintains a heavy 
hydrocarbon in a sufficiently liquid state to permit mea- 
surement by a displacement meter shall be designed to meet 
the following objectives: 


a. An excessively high temperature cannot occur. 

b, The temperature cannot fall below the level at which the 
viscosity of the liquid becomes too great for the displace- 
ment meter at the required flow rates, 


Temperature control is especially important when the me- 
ter is not operating. The meter manufacturer should be con- 
sulted about high and low limits for viscosity and temperature. 


6.2.7.3 ELECTRICAL INSTALLATIONS 


Displacement-meter systems may include a varicty of 
electrical or electronic accessories, as discussed in Chapter 
5.4, The electrical systems shall be designed and installed 
to meet the manufacturer’s recommendations and the ap- 
plicable hazardous area classifications, to preclude signal 
and noise interference from nearby electrical equipment, 
and to minimize the possibility of mechanical damage to 
the components. 


5.2.8 Meter Performance 


Meter performance is defined by how well a metering 
system produces, or can be made to produce, accurate mea- 
surements. 


5.2.8.1 METER FACTOR 


Either of two methods of meter proving may be used, 
depending on the meter’s intended application and antici- 
pated operating conditions. 


5.2,8.1.1 With the first method of proving, the meter 
calibrator mechanism is adjusted until the change in meter 
reading during a proving equals or nearly equals the volume 
measured in the prover. 

Adjusted meters are most frequently used on retail deliv- 
ery trucks and on truck and rail-car loading racks, where it 
is desirable to have direct-reading meters without having to 
apply mathematical corrections to the reading. An adjusied 
or direct-reading meter is correct only for the liquid and the 
flow conditions at which it was proved. 


§.2.8.1.2 With the second method of proving, the meter 
calibratar mechanism is not tequited or is nat adjusted, and 
a meter factor is calculated. The meter factor is a number 
obtained by dividing the actual volume of liquid passed 
through the meter during proving by the volume registered 
by the meter. For subsequent metering operations, the actual 
throughput or measured volume is determined by multiply- 
ing the volume registered by the meter by the meter factor 
(see Chapter 4 and Chapter 12.2). 
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When direct reading is not required, the use of a meter 
factor is preferred for several reasons. It is difficult or im- 
possible to adjust a meter calibrator mechanism to register 
with the same resolution that is achieved when a meter factor 
is determined. In addition, adjustment generally requires 
one or more reprovings ta confirm the accuracy of the ad- 
justment. In applications where the meter is to be used with 
seyeral different liquids or under several different sets of 
operating conditions, a different meter factor can be deter- 
mined for each liquid and for each set of operating condi- 
tions, 

For most pipelines, terminals, and marine loading and 
unloading facilifies, meters arc initially adjusted to be cor- 
rect at average conditions, and the mechanisms are sealed 
at that setting. Meter factors are then determined for each 
petroleum liquid and for each set of operating conditions at 
which the meters are used. This method provides flexibility 
and maintains maximum accuracy. 


5.2.8.1.3 An assessment of meter performance can best 
be made by monitoring a meter factor for a given petroleum 
liquid over an extended period of time, Chapter 13 describes 
methods for monitoring meter history and performance. 

Similarly, meter performance for calibrated meters can 
be assessed by monitoring the frequency, extent, and di- 
rection of the mechanical adjustments that are necessary to 
maintain calibration. 


5.2.8.1.4 The following variable conditions may affect 
the meter factor: 


a. Flow rate. 

b. Viscosity of the liquid. 

c. Temperature of the liquid. 

d. Pressure of the flowing liquid. 

e. Cleanliness and lubricating qualities of the liquid. 

f. Change in measuring element clearances due to wear or 
damage. 

g. Torque load required to drive the register, printer, and 
all accessory equipment. 

h. Malfunctions in the proving system (sce Chapter 4). 


5.2.8.2 CAUSES OF VARIATIONS IN METER 
FACTOR 


There are many factors that can change the performance 
of a displacement meter. Some factors, such as the entrance 
of fareign matter into the meter, can he remedied only hy 
eliminating the cause of the problem. Other factors depend 
on the properties of the liquid being measured; these must 
be overcome by properly designing and operating the me- 
tering system. 

The variables that have the greatest effect on the meter 
factor are flow rate, viscosity, temperature, and foreign 
matter (for example, paraffin in the liquid). If a meter is 
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proved and operated on liquids with inherently identical 
properties, under the same conditions as in service, the 
highest level of accuracy may be expected. If there are 
changes in one or more of the liquid properties or in the 
operating conditions between the proving and the operating 
cycles, then a change in meter factor may result, and a new 
meter factor must be determined. 


5.2.8.3 VARIATIONS IN FLOW RATE 


Meter factor varies with flow rate. At the lower-end of 
the range of flow rates, the meter-factor curve may become 
less reliable and less consistent than it is at the middle and 
higher rates. If a plot of meter factor versus flow rate has 
been developed for a given set of operating conditions, it 
is possible to select a meter factor from the curve; however, 
if a proving system is permanently installed, it is preferable 
to reprove the meter and apply the value determined by the 
reproving, If a change in total flow rate occurs in a bank 
of two, three, or more displacement meters installed in 
parallel, the usual procedute is to avoid overranging or 
underranging an individual meter by varying the number of 
meters in use, thereby distributing the total flow among a 
suitable number of parallel displacement meters. 


5.2.8.4 VARIATIONS IN VISCOSITY 


The meter factor of a displacement meter is affected by 
changes in viscosity that result in variable slippage. Vis- 
cosity may change as a result of changes in the liquids to 
be measured or as a result of changes in temperature that 
occur without any change in the liquid. It is therefore im- 
portant to take into account the parameters that have changed 
before a meter factor is selected from a plot of moter factor 
versus viscosity. It is preferable to reprove the meter if the 
liquid changes or if a significant viscosity change occurs. 


5.2.8.5 VARIATIONS IN TEMPERATURE 


In addition to affecting the viscosity of the liquid, changes 
in the temperature of the liquid have other important effects 
on meter performance, as reflected in the meter factor. For 
example, the volume displaced by a cycle of movements of 
the measuring chambers is affected by temperature. The 
mechanical clearances of the displacement mefer may also 
be affected by temperature. Higher temperatures may par- 
tially vaporize the liquid, cause two-phase flow, and se- 
verely impait measurement performance. 


5.2,8.5.1 When a displacement meter is proved, the tem- 
perature of the liquid in the meter and in the prover should 
be the same. If the temperature is not the same, both volumes 
must be corrected fo a valume at a base or reference tem- 
perature so that a correct meter factor can be obtained. For 
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such corrections, the petroleum measurement tables in Chapter 
it.1 should be used in accordance with Chapter 12,2. 


§.2.8.6.2 Hithor an automatic temperature compensator or 
a manually calculated temperature correction based on the 
observed average temperature of the delivery may be used 
to cotrect registered volume to a volume at a base or ref- 
exence temperature, 


5.2.8.6 VARIATIONS IN PRESSURE 


§.2,8,6.1 If the pressure of the liquid when it is metered 
varies from the pressure that existed during proving, the 
relative volume of the liquid will change as a result of its 
compressibility, The potential for error increases in pro- 
portion to the magnitude of the difference between the prov- 
ing and operating conditions. For greatest accuracy, the 
meter should be proved at the operating conditions (see 
Chapter 4 and Chapter 12). 

The physical dimensions of the metér will also change 
as a result of the expansion or contraction of its housing 
under pressure. The use of double-case meters prevents this 
problem. 


§.2.8.6.2 Volumetric corrections for pressure effects on 
liquids that have vapor pressures above atmospheric pres- 
sure are referenced to the equilibrium vapor pressure of the 
liquid at a standard temperature, 60°F, 15°C, or 20°C, rather 
than to atmospheric pressure, which is the typical reference 
for liquids with measurement-temperature vapor pressures 
below atmospheric pressure. Both the volume of the liquid 
in the prover and the registered metered volume are cor- 
rected from the measurement pressure fo the equivalent vol- 
umes at the equilibrium vapor pressure at 60°F, 15°C, or 
20°C. 

This is a two-step calculation that involves correcting both 
measurement volumes to the equivalent volumes at equilib- 
rium vapor pressure at the measurement temperature, The 
volumes are then corrected to the equivalent volumes at the 
equilibrium vapor pressure at 60°F, 15°C, or 20°C. A de- 
tailed discussion of this calculation is included in Chapter 
12.2, 


5.2.9 Operation and Maintenance 


This section covers recommended operating practices for 
displacement-meter installations. All operating data that 
pertain to measurement, including the meter-factor control 
charts, should be accessible to interested parties. 


5.2.9.1 CONDITIONS THAT AFFECT 
OPERATIONS 


5.2,9.1.1 The overall accuracy of measurement by dis- 
placement moter depends on the condition of the meter and 
its accessories, the temperature and pressure corrections, 
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the proving system, the frequency of proving, and the vari- 
ations, if any, between operating and proving conditions. 
A incter factor obtained for one sct of conditions will not 
necessarily apply to a changed set of conditions. 


§,2,9.1.2 Displacement meters should be operated with 
the manufacturer’s recommended accessory equipment and 
within the range of flow rates specified by the manufacturer. 
Meters should be operated only with liquids whose prop- 
erties were considered in the design of the installation. 


5.2.9.1.3 If a displacement meter is to be used for bi- 
directional flow, meter factors shall be obtained for flow in 
each direction. 


§.2.9.1.4 Failure to remove foreign matter upstream of a 
displacement meter may result in both mismeasurement and 
damage. Strainers, filters, or other protective devices should 
be placed upstream of the meter bank. 


5.2.9.2 PRECAUTIONS FOR OPERATING NEWLY 
INSTALLED METERS 


When a new meter installation is placed in service, par- 
ticularly on newly installed lines, foreign matter can be 
carried to the metering mechanism during the initial passage 
of liquid. Protection should be provided from malfunction 
or damage by foreign matter, such as air or vapor, siag, 
debris, welding splatter, thread cuttings, or pipe compound. 
Following are suggested means of protecting the meter from 
foreign matter: 


a. Temporarily replace the meter with a spool. 

b. Put a bypass around the meter. 

c. Remove the metering clement. 

d. Install a protective device upstream of the meter. 


5.2.9.3 INSTRUCTIONS FOR OPERATING 
METER SYSTEMS 


Definite procedures both for operating metering systems 
and for calculating measured quantities should be furnished. 
to personnel at meter stations. Following is a list of items 
that these procedures should include, along with chapters 
of the API Manual of Petroleum Measurement Standards 
that can be used for reference and assistance in developing 
these operating guidelines: 


a. A standard procedure for meter proving (Chapter 4). 
b. Instructions for operating standby or spare meters. 

c. Minimum and maximum meter flow rates and other 
Operating information, such as pressure and temperature. 
d. Instructions for applying pressure and temperature cor- 
rection factors (Chapter 12.2), 

e. A procedure for recording and reporting corrected meter 
volumes and other observed data. 
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£, A procedure for estimating the volume passed, in the 
event of mefer failure or mismeasurement. 

g-. Instructions in the usc of control charts and the action 
to be taken when the meter factor exceeds the established 
acceptable limits (Chapter 13). 

h. Instructions regarding who should witness meter prov- 
ings and repairs, 

i. Instructions for reporting breaks in security seals. 

j. Instructions in the use of all forms and tables necessary 
to record the data that support proving reports and meter 
tickets. 

k. Instructions for routine maintenance, 

1, Instructions for taking samples (Chapter 8). 

m. Details of the general policy regarding frequency of 
meter proving and reproving when changes of flow rate ot 
other variables affect meter accuracy (Chapters 4 and 5}. 
n. Procedures for operations that ave not included in this 
list but that may be important in an individual installation. 


5.2.9.4 METER PROVING 


§.2.9.4.1 Each displacement meter should contain a per- 
manent prover or connections for a portable prover or master 
meter to obtain and demonstrate the usc of meter factors 
that represent current operations. The proving methods se- 
lected shall be acceptable to all parties involved (see Chapter 
4). 


§.2.9.4.2 The optimum frequency of proving depends on 
so many operating conditions that it is unwise to establish 
a fixed Gime or throughput interval for all conditions. In 
clean fluid service at substantially uniform rates and tem- 
peratures, meter factors tend to vary little, necessitating less 
frequent meter proving. More frequent proving is required 
with fluids that contain abrasive materials, in LP gas service 
where meter weat may be significant, or in any service 
where flow rates and/or viscosities vary substantially. Like- 
wise, frequent changes in product types necessitate more 
frequent provings. In seasons of rapid ambient temperature 
change, meter factors vary accordingly, and proving should 
be more frequent. Study of the meter-factor control chart, 
which should include data on liquid temperature and rate, 
will aid determination of the optimum frequency of proving 
(see 5.2.9.5). 


5.2.9.4.3 Provings should be frequent (every tender or 
every day) when a meter is initially installed. After frequent 
proving has shown that the meter factors for any given liquid 
are being reproduced within narrow limits, the frequency 
of proving can be reduced if the factors are under control 
and the overall repeatability of measurement is satisfactory 
to the parties involved. 
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5.2.9.4.4 A meter should always be proved after main- 
tenance. If the maintenance has shifted the meter-factor 
values, the period of relatively frequent proving should be 
repeated to set up a new factor data base by which meter 
performance can be monitored. When the values have sta- 
bilized, the frequency of proving can again be reduced, 


5.2.9.5 METHODS OF CONTROLLING METER 
FACTORS 


5.2.9.5.4 Meter factors can be controlled with a suitable 
statistical contiol method, Chapter 13.2 addresses meter 
measurement control methods and other methods of analysis 
that use historical comparison of meter-factor data to moni- 
tor meter performance. 


§,2.9.5.2 Meter-factor control charts atc essentially plots 
of successive meter-factor values along the abscissa at the 
appropriate ordinate value, with parallel abscissae repre- 
senting X + lo, X + 20, and X + 30, where X is the 
arithmetic mean meter-factor value and o is the standard 
deviation or other tolerance-level criterion (for example, 
+0.0025 or + 0.0050). A control chart can be maintained 
for each displacement meter in each product or grade of 
crude at a specified rate or range of rates for which the 
meter is to be used. 


§.2.9.5.3 Meter-factor control methods can be used to 
provide a warning of measurement trouble and to show when 
and to what extent results may have deviated from accepted 
norms. The methods can be used to detect trouble, but they 
will not define the nature of the trouble. When trouble is 
encountered or suspected, the measurement system should 
be systematically checked. The following problems com- 
monly occur in displacement-meter systems: 


a. The physical properties of the liquid change. 

b. The moving parts or bearing surfaces of the displacement 
meter become worn or fouled with foreign matter. 

c. Isolation and diversion valves leak. 

d. The proving system and its components require main- 
tenance (see Chapter 4). 
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e, Ait becomes trapped somewhere in the manifolding. (This 
possibility must be remedied by either procedure or equip- 
ment). 

f, The gear train components, above or below the proving 
pickup, malfunction. 

g. The calibration of pressure-, temperature-, and density- 
sensing devices has to be checked. 

h. When a tank prover is used, the act of opening and 
closing the diversion valve is unduly slow. (Opening and 
closing should be smooth and rapid), 


5.2.9.6 METER MAINTENANCE 


§.2.9.6.1 Kor maintenance purposes, a distinction should 
be made between parts of the system that can be checked 
by operating personnel (parts such as pressure gauges and 
mercury thermometers) and more complex components that 
may tequire the scrviecs of technical personnel. Displace- 
ment meters and associated equipment can normally be ex- 
pected to perform well for long periods. Indiscriminate 
adjustment of the more complex parts and disassembly of 
equipment is neither necessary nor recommended, The man- 
ufacturer’s standard maintenance instructions should be fol- 
lowed. 


5.2.9.6.2 Meters stored for a long period shali be kept 
under cover and shall have protection to minimize corrosion. 


5.2.9.6.3 Establishing a definite schedule for meter main- 
tenance is difficult, in terms of both time and throughput, 
because of the many different sizes, services, and liquids 
measured, Scheduling repair or inspection of a displacement 
meter may best be accomplished by monitoring the meter- 
factor history for each product or grade of crude oil. Small 
random changes in meter factor will naturally occur in nor- 
mal operation, but if the value of these changes excceds the 
established deviation limits of the control method, the cause 
of the change should be investigated, and any necessary 
maintenance should be provided. Using deviation limits to 
determine acceptable normal variation strikes a balance be- 
tween looking for trouble that does not exist and not looking 
for trouble that does exist. 
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